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BIOLOGY

Harvest time on the content and chemical composition
of essential oil from leaves of guava

Horario de coleta sobre o teor e a composicio quimica
do oleo essencial das folhas de goiabeira

Elizabeth Aparecida Josefi da Silva” Vanessa Paula da Silva'
Cassia Cristina Fernandes Alves' José Milton Alves'
Edson Luiz Souchie' Luiz Claudio de Almeida Barbosa"

ABSTRACT

The essential oil plants contents can be affected by
several factors. For example, in certain plants, collection time
has been observed to affect the content and chemical composition
of the essential oil obtained from the plant. The objective of
this study was to evaluate the effect of collection time on the
content and chemical composition of the essential oil from guava
(Psidium guajava L.) leaves. Leaves were collected at different
times of the day and the content and chemical composition of
their essential oil was determined. Collection time did not
qualitatively affect the chemical composition of the essential
oil. However, concentration of certain substances in the oil,
such as a-humulene and trans-caryophyllene, did significantly
vary at different collection times. The main constituents
of the essential oil of Psidium guajava are limonene (2.2-
4.4%), trans-caryophyllene (18.1-17.1%), o-humulene (26.3-
20.4%), aromadendrene (7.6-12.2%), o-selinene (7.3-11.3%),
caryophyllene oxide (3.7-3.3%), humulene epoxide Il (4.1-1.9%),
and selin-11-en-4a-ol (7.2-11.1%). Leaves collected at 7:00 AM
had higher essential oil production, with a content of 0.38%
(d.b.), whereas leaves collected at 7:00 PM had lower essential
oil production, 0.24% (d.b.). Chemical analysis showed that
sesquiterpene compounds represented the highest concentration
(62.0%), and monoterpenoids and monoterpenes represented the
lowest concentrations (1.1 and 2.2%, respectively). Chemical
classes that underwent major changes with respect to collection
time were monoterpenes, sesquiterpenes, and sesquiterpenoids
(2.2-4.4%, 63.8-61.7%, and 15.9-13.2%, respectively).

Key words: Psidium guajava L., medicinal plants, special
metabolites, a-humulene, trans-caryophyllene, guava.

RESUMO

Existem fatores que podem afetar o conteudo de
dleo essencial das plantas, sendo o hordrio de coleta um deles.

Assim, observa-se que o teor e a composi¢do quimica de oleo
essencial podem variar em certas plantas de acordo com horario
de coleta. O objetivo deste trabalho foi avaliar o efeito do hordrio
de coleta sobre o conteiido e a composig¢do quimica do oleo
essencial das folhas de goiabeira (Psidium guajava). Folhas
de Psidium guajava foram coletadas em diferentes hordrios
do dia para determinar teor e composi¢do quimica de seu oleo
essencial. O éleo essencial ndo apresentou varia¢do qualitativa
da composi¢do quimica em relagdo ao hordrio de coleta das
folhas de Psidium guajava, mas alterou a concentra¢do das
substancias, entre elas o o-humuleno e o trans-cariofileno. Os
constituintes principais do oleo essencial das folhas de Psidium
guajava sdo o limoneno (2,2-4,4%), trans-cariofileno (18,1-
17,1%), a-humuleno (26,3-20,4%), aromadendreno (7,6-12,2%),
a-selineno (7,3-11,3%), oxido de cariofileno (3,7-3,3%) epoxido
de humuleno 11 (4,1-1,9%) e o selin-11-en-4a-ol (7,2-11,1%). No
entanto, a maior produgdo de dleo essencial, foi obtida com as
folhas coletadas as 19h, apresentando contetido de 0,38% (b.s.) e
a mais baixa produgdo as 07h, apresentando conteudo de 0,24%
(b.s.). Através da andlise quimica, identificou-se que compostos
sesquiterpénicos apresentaram uma maior concentra¢do (62,0%)
e 0s monoterpenos e monoterpenoides foram os que apresentaram
menor concentragdo (2,2 e 1,1%, respectivamente). As classes
que sofreram maiores mudangas em relagdo ao hordrio de coleta
foram os monoterpenos (2,2-4,4%) e os sesquiterpenos e os
sesquiterpenoides (63,8-61,7% e 15,9-13,2%, respectivamente).

Palavras-chave: Psidium guajava L., plantas medicinais, metabolitos
especiais, a-humuleno, trans-cariofileno, goiaba.

INTRODUCTION

The guava tree (Psidium guajava L1.)
belongs to the family Myrtaceae. 1t is considered to
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be a native Mexican plant, but has spread throughout
South America, Europe, Africa, and Asia (SHAH
et al,, 2011). Because it adapts to different climate
conditions, it grows in all tropical and subtropical
regions of the world; however, it is widespread in
Brazil (GUTIERREZ et al., 2008; ROZANE, 2009).
Studies characterizing the essential oil derived from
guava leaves have shown the presence of 1,8-cineol,
d-limonene, and a-pinene, important compounds with
potential use as an insecticide (LIMA et al., 2009).
Flavonoids, which possess strong antibacterial activity,
have also been detected in guava extract (GUTIERREZ
et al., 2008). Guava is widely used in folk medicine,
and data published in the literature showed that extracts
obtained from its leaves possess hepatoprotective, anti-
inflammatory, antioxidant, antinociceptive, antidiabetic,
and other properties (BEATRIZ, et al., 2012). Guava is
also used for the treatment of diarrhea and dysentery
due to its antispasmodic and antimicrobial properties,
which have supported its long-standing use in traditional
medicine (BEATRIZ, et al., 2012).

Among secondary metabolites produced
by plants, essential oils are of particular importance.
They are responsible for the typical smell and flavor
of a plant, but are also directly related to attraction of
pollinators, protection from insects, and several other
functions necessary for plant survival. Essential oils
have an extremely complex chemical composition
that includes volatile, lipophilic, aromatic, and liquid
substances. They are referred as oils due to their oily
appearance at room temperature. In medicinal and
aromatic plants, terpenes and terpenoids are the most
frequent substances (RIBEIRO et al., 2012).

In medicinal plants, growth and
development dynamics and changes in phenological
phase can cause biochemical and physiological
alterations that are capable of changing the
production of biologically active substances.
By affecting the qualitative and quantitative
aspects of these substances, such changes directly
influenced the content and quality of essential oils
(TAIZ; ZEIGER, 2004, EHLERT et al., 2013).
Environmental factors such as photoperiod,
temperature, humidity, precipitation, soil conditions,
and intensity of solar radiation can also influence
the biosynthesis of essential oils. Secondary
metabolism is known for showing response patterns
related to environmental stimuli, and it is thought
that increased concentrations of active ingredients
might establish a connection between the
environmental temperature and metabolic activity
of the plant (BLANK et al., 2005). Temperature
and luminosity varies throughout the day, which

can alter the quantity and chemical composition
of essential oil (PAULUS et al., 2013). Therefore,
identifying the best time to carry out the collection
and the time when production of the essential oil by
medicinal plants is higher, is important with regard
to production of these special metabolites (PAULUS
et al., 2013, MIRANDA et al., 2013).

To increase the potential for biological
activity in medicinal plants, it is necessary to understand
how content and chemical composition of the essential
oil change in relation to the time the vegetable material
is collected, as well as any other factors that might
affect production and quality. Therefore, the aim of
this study was to assess the influence of the collection
time of leaves from guava trees on the content and their
essential oil chemical composition they contain.

MATERIALS AND METHODS

Vegetable material

The experiment was performed at the
Goiano Federal Institute, Rio Verde - GO Campus,
in the Laboratory of Natural Products Chemistry.
In March 2014, fresh Psidium guajava leaves
were collected between 7:00 AM and 7:00 PM
from a native population in the Rio Verde region.
Collection occurred at coordinates 17°48'12.006"S
and 50°54'19.083”W, at an altitude of 715 meters.
Vegetable material was identified, and the samples
were deposited as desiccated specimens in the
Herbarium of the State University of Montes Claros
in Minas Gerais, under identification number 4481.
A randomized experimental design was used, with
five different harvest times: 7:00 AM (T1), 10:00
AM (T2), 1:00 PM (T3), 4:00 PM (T4), and 7:00
PM (T5), defined according to previous tests. For
each treatment were collected six sets of samples.
Leaves collected were analyzed in the Laboratory of
Natural Products Chemistry at the Rio Verde - GO
campus of Goiano Federal Institute. Meteorological
data was obtained from the INMET/Rio Verde
University weather station.

Essential oil extraction

At each collection time, 600g of vegetable
material was collected to assess the content of the
essential oil, with 100g used for each repetition. The
vegetable material was collected from three large,
adult Psidium guajava plants, with samples taken
from the bottom, middle, and upper parts of the plant,
including both new and mature leaves. The collected
biomass was homogenized, and then extracted through
the hydro distillation method (1L of distilled water)
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for 2h, using a Clevenger-type apparatus. Afterwards,
the essential oil was extracted from the aqueous
phase using a partition with the organic solvent
dichloromethane (3x10ml). It was then dehydrated
with anhydrous sodium sulfate, concentrated, weighed
with an analytical scale, and stored at 4°C until further
analysis of its chemical composition.

Chemical analysis of the essential oils

Essential oil chemical composition was
analyzed in the Laboratory of Analysis and Synthesis
of Agrochemicals at the Federal University of Vicosa,
located in Vigosa, state of Minas Gerais (MGQG).
Quantitative analysis ofthe essential oil components was
performed in a Shimadzu GC-17A gas chromatograph
equipped with a flame ionization detector (FID) and
SPB-5 fused silica capillary column (30mx0.25mm
with a film thickness of 0.25um). Nitrogen was used
as the carrier gas (1.8mL min™), split 1/10, and injector
and detector temperatures were 220 and 240°C,
respectively. Initial column temperature was 40°C
isothermal for 4 minutes, followed by heating at 3°C
min! until 240°C was reached; 1puL of the essential oil
was injected for the respective analysis.

To identify the components of the essential
oils, a gas chromatograph was used (CG-EM Shimadzu,
QP-5050A). It was equipped with a mass-selective
detector, operating by electronic ionization (70 eV), with
an RTX-5 fused silica column (30mx0.25mm with a
film thickness of 0.25um). Chromatographic conditions
were identical to the conditions applied to the CG-FID,
except for the carrier gas, which in this case was helium
at a ImL min"' flow. Components were identified by
comparing the obtained mass spectra to the records
of the 7" edition of the Wiley computational library.
Components were also identified using temperature
and calculation programming, calculating the linear
retention index (LRI) according to the method described
by Van den DOOL & KRATZ (1963).

Oil content and chemical composition

The percentage content of essential oil
was calculated for samples from each collection
time using the following formulas: T% = [Oil mass
(g)/100g] x 100 for the humid base (hb) and T% =
[Oil mass (g)/36.6g] x 100 for the dry base (db). The
mass of 36.6g was obtained by drying the leaves in a
greenhouse at 40°C, with forced air circulation, until
stable mass was obtained for each sample.

Statistical analysis
The data were subjected to a variance
analysis and the averages were compared at 5%

probability using the SISVAR — Variance analysis
system software (FERREIRA, 2007).

RESULTS AND DISCUSSION

Essential oil content

Essential oils extracted from fresh and
dried leaves of Psidium guajava had a slightly
yellow color, with a pleasant smell typical of the
plant. The time at which the guava tree leaves were
collected significantly influenced the content and
moisture of the essential oil (Table 1). The humidity
content in the leaves varied between 57.6 and 54.4%
during the day. These values were obtained from the
first (7:00 AM) and last collection of the day (7:00
PM), respectively. Time of leaves collection also
influenced the oil content, which showed anincrease
through the day. The lowest yield was obtained
from the first collection of the day (7:00 AM, 0.24%
db), and the highest yield was obtained at 7:00 PM
(0.38% db), the last collection of the day.

These results suggested the need to
perform specific studies for each species, hindering
the ability to define a standard procedure for
production of essential oils in aromatic plants
(OLIVEIRA et al., 2012). According to MELO et
al. (2011), essential oil content is directly influenced
by the oscillation of temperature and humidity
throughout the day. Therefore, knowing the ideal
time to plant material collection for a higher yield of
the desired active ingredient is extremely important,
especially for treatment and managements
of cultivation of these plants, reinforcing the
importance of secondary metabolic response in
relation to the plant environment.

Chemical composition

The essential oil obtained from Psidium
guajava leaves did not show any qualitative
variation in the chemical components in relation
to the collection time. However, their quantitative
composition varied significantly (Table 2). Analysis
of the oil’s chemical composition identified 17
components present at each of the different collection
times. From the first collection to the last collection,
the concentrations of monoterpenes, monoterpenoids,
sesquiterpenes, and sesquiterpenoids varied from
2.2% to 4.4%, 1.0% to 1.2%, 63.8% to 61.7%, and
15.9% to 13.2%, respectively.

The main components of the essential
oil were limonene (2.2%), trans-caryophyllene
(17.1%), a-humulene (16.2%), aromadendrene
(12.2%), a-selinene (11.3%) caryophyllene oxide
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Table 1 - Essential oil concentration and moisture of guava tree leaves (Psidium guajava) collected at different times of the day in the

Goiano Federal Institute, Rio Verde - GO Campus, 2014.

Collection time

Concentration of essential oil in hb" (%) Concentration of essential oil in db™ (%)

Humidity content (%)

7:00 AM 0.09¢
10:00 AM 0.10<®
1:00 PM 0.11¢BA
4:00 PM 0.1254
7:00 PM 0.14*
CV: 13.85%

0.24¢ 57.64%
0.27¢ 56.30°
0.30°% 56.29°
0.3348 54.62°¢
0.38* 54.51¢
CV: 4.58% CV: 0.46%

Measurements followed by the same letter are not statistically different among themselves at 5% probability level according to the Tukey’s

tests; "hb — humid base; “"db — dry base.

(3.8%), humulene epoxide II (2.6%), and selin-11-
en-40-ol (9.9%). Collection time did influence the
concentrations of these components. The largest
percentages of a-humulene and trans-caryophyllene,
the components of the oil with the highest
concentrations, were found in leaves collected at
7:00 AM; the lowest percentages occurred in leaves
collected between 1:00 PM and 4:00 PM. For trans-

caryophyllene, o-humulene, and humulene epoxide
II, the highest concentrations occurred early in the
day at 7:00 AM. Caryophyllene oxide had its highest
concentration between 10:00 AM and 4:00 PM,
a-selinene and aromadendrene had their highest
concentration between 1:00 PM and 4:00 PM, and
selin-11-en-40-0l had its highest concentration
between 4:00 PM and 7:00 PM. The highest limonene

Table 2 - Chemical composition of the essential oil from guava tree leaves (Psidium guajava) collected at different times in the Instituto
Federal Goiano, Rio Verde — GO Campus, in March 2014. The components are listed according to the order of elution from an

RTX-5 column.

Collection time (%)

COMPONENT RI
7:00 AM 10:00 AM 1:00 PM 4:00 PM 7:00 PM

limonene 1024 22 1.4 1.3 1.8 44
1,8-cineol 1026 1.0 1.0 1.1 1.2 1.2
a-copaene 1374 1.0 1.3 1.3 1.3 1.2
trans-caryophyllene 1419 18.1 17.7 16.9 16.1 16.6
a-humulene 1454 26.3 13.8 8.6 11.9 20.4
4,11-selinadiene 1475 1.1 1.3 1.3 1.3 1.2
y-muurolene 1478 0.8 1.2 1.4 1.4 1.0
aromadendrene 1488 7.6 13.2 153 14.7 10.1
a-selinene 1497 7.3 12.0 14.0 13.6 9.5
o-panasinsene 1517 1.2 1.3 1.2 1.3 1.3
trans-nerolidol 1566 33 3.4 32 33 3.8
caryophyllene oxide 1585 3.7 4.2 3.6 4.1 33
humulene epoxide II 1612 4.1 2.1 34 1.4 1.9
longipinene epoxide 1620 1.6 1.0 1.3 1.8 1.0
epi-a-muurolol 1639 29 3.8 29 4.0 3.0
a-cadinol 1651 0.7 1.2 0.9 1.6 1.3
selin-11-en-4a-ol 1662 72 10.8 8.0 12.5 11.1
Total identified 91.0 91.5 86.6 94.1 93.2
Hydrocarbons monoterpenes (HM) 22 1.4 1.3 1.8 44
Oxygenated monoterpenes (OM) 1.0 1.0 1.1 1.2 1.2
Hydrocarbons sesquiterpenes (HS) 63.8 62.2 60.5 62.0 61.7
Oxygenated sesquiterpenes (OS) 15.9 14.7 14.6 14.8 13.2

RI': experimental retention index using an RTX-5 column. Number of injections per sample: 5. Standard deviation: £0.35.
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content was obtained from leaves collected at 7:00
PM. The lowest amounts of a-selinene and selin-11-
en-4a-ol were found in leaves collected at 7:00 PM.
For limonene and a-humulene, the lowest amounts
occurred at 1:00 PM, and for trans-caryophyllene
and humulene epoxide II, the lowest amounts were
found at 4:00 PM. For caryophyllene oxide and
aromadendrene, the lowest concentrations were
found at 7:00 PM. The minor components did not
show great variation in their content.

While studying the influence of time of
collection on chemical composition of the essential
oil from different aromatic species, authors such as
BLANK et al. (2005), EHLERT et al. (2013), and
OLIVEIRA et al. (2012) noticed variation in their
chemical composition. SILVA et al. (2003b) studied
these parameters for Ocimum basilicum, but did not
observe any variation in the chemical composition of
the essential oil at different times of the day.

The influence of the time that vegetable
material is collected on the concentration of
chemical components in the essential oil can
affect biological activity and pharmacological
applications. For example, o-humulene and trans-
caryophyllene are the components with the highest
concentration in essential oil from guava tree leaves.
Because these components have biological potential,
determining the best collection time is important to
obtain the highest yield of the desired metabolites
(FERNANDES et al., 2007). Results of this study
show that the maximum concentration of these two
components can be obtained by performing leaves
collection earlier in the day.

Because the concentrations of compounds
change during the day, to identify the best time to
collect from a medicinal or aromatic species, it is
important to consider which components need to be
collected in higher amounts.

CONCLUSION

The essential oil obtained from Psidium
guajava consists of monoterpenes, monoterpenoids,
sesquiterpenes, and sesquiterpenoids. Sesquiterpenes
constitute the largest fraction, and monoterpenes
and monoterpenoids constitute the smallest fraction.
Taking into consideration that the circadian
assessment was performed for only one day, the
study reported that the highest essential oil content
could be obtained at 7:00 PM (0.38% db), and the
lowest at 7:00 AM (0.24% db). It was also reported
that concentrations of the chemical components in the
essential oil from Psidium guajava leaves can vary,

with the highest variation occurring in the main
components, frans-caryophyllene (18.1% and
17.1% at 7:00 AM and 7:00 PM, respectively) and
a-humulene (26.3% and 20.4% at 7:00 AM and
7:00 PM, respectively).

The results obtained in this study can be
associated with several factors that might influence
the biosynthesis of secondary metabolites,
including availability of water, amount of light,
and predator attacks, among others. When these
phenomena occur, the concentration of essential
oils is wusually higher, making it the most
appropriate time to collect the vegetable material
(EHLERT et al., 2013).
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